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(54) Hemostatic wound dressing and method of making same 



(57) The present invention is directed to wound 
dressings that contain a fabric made from biocompatible 
polymeric fibers and having flexibility, strength and po- 
rosity effective for use as a hemostat, and a porous, pol- 



ymeric matrix prepared from a biocompatible, water-sol- 
uble or water-swellable polymer dispersed through the 
fabric; and to methods of making such wound dressings. 
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Description 

FIELD OF THE INVENTION 



[0001] The present invention relates to hemostatic wound dressings, more specifically a flexible hemostatic natch 
composing a knitted fabric of oxidized cellulose and a porous water-soluble or water-swellab le ^SJSHSK 
to a process of making such fabrics and wound dressings. P°'ymeric matrix, and 



BACKGROUND OF THE INVENTION 



[0002] The control of bleeding is essential and critical in surgical procedures to minimize blood loss oostsuroical 

bactericidal and hemostatic properties, has long been used as a topical hemostatic wound dressina I .a variltv of 
- Sr 7 Sl indUdin9 neurosur ^ry, abdominal surgery, JL^^%£Z2£ head and 
erate 2r T TrK 8 "" SUbcutaneous ««. P™edures. Examples oi hamo^XXj.- 

erated cellulose absorbable hemostats commercially available include Surgicel® absorbable hemostat a knittedfabrte 
FibriNar^h TTT ^ Nu - Knit ® ^sorbable hemostat, a dense <SSSS and SumS 

F.bnllar absorbable hemostat, mircrofibrils of ORG, all available from Johnson & Johnson Wound Zaqement WoTld 
« loV °l lnC " SOmen/i " e ' N6W JerS6y ' 3 J ° hnSon & Johnson Company Management World- 

Si , ? f ° SnCy ° f b ° dy f ' Uid and lhe her "°static action of currently available oxidized cellulose 
hemostats are adequate for applications where mild to moderate bleeding is encountered they a^no known to be 

t^ZZ7 ent ° r rt S,0P , S6Vere b ' eeding Wh6re 8 re ' atiVely ^ V0lume of bl °° d is 'ost 'a a SvX hfch a e n 
f rom ^ 

* !isr:c^ss^ or pa,ients with coa9u,opathies ' such as hemophi,iai etc - a higher ^ 

SololJc ^ eff S t0 3Chi T enhanCed hemostatic P r °Perties additional chemical moieties, such as calcium or 
biolog.cssuchasf.bnnogen.th^ 

cognation products require the use of proteins derived from human or animal blood or Sue TN mpo2s a risk 
of blood-borne pathogen or zoonotic disease transmission by the products. Hemostatic wound dLrsin^rcontainina 
hemo S , at , c ag ent s are known. Woven or nonwoven fibrous materials are prepared by coating^ S so u 
t.ons containing ammomum salts of cellulose derivatives, e.g. free acid ceLse glycolic aci ShTandTree Z 

fZlhtoroood .T'f 16 H XidiZ6d Ce " Ul0Se hem ° StatS n ° ted ab0ve are knitted fabrics ha ™9 a porous structure 
h!moct t 9 v ? 8nd compressive stren 9 th a nd are flexible such that a physician can effectively place the 

taTL il f ^^T ? ed hem ° Sta,iC mat6rialS and a 9 en,s are known for with respect to providing hemos- 
tas-s for low to normal bleeding, to date none of the noted hemostats, or combinations thereof, have been ^0^0 
be effective ,n proving hemostasis in cases of severe bleeding, e.g. high volume and high rate of bleediha ^ 
presginvention provides such a hemostat that provides hemosfasis in ca'ses of severe bSing 

SUMMARY OF THE INVENTION 

Si" The pr6Sent inven,ion is direc,ed ,0 wo "nd dressings comprising a fabric having a wound-contactinq surface 
^f^^^^ the wound-contacting surface, the fabric comprising biocom atible fibers and aving^ex 
ibility^trength and porosity effective for use as a hemostat; and a porous, polymeric matrix applied at list ?o the 
wou^-contacting surface of the fabric and dispersed at least parfiaNy through said J^STJZL* effec. £e to 
2 and maintain hemostasis for severe bleeding, wherein the polymeric matrix comprises a biocZpltfo.e Zer- 
soluble or water-swellable polymer; and methods of making such wound dressings and fabrics ° COmPa,lble ' Water 
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BRIEF DESCRIPTION OF THE FIGURES 
[0009] 

5 Figure 1 is an image produced by scanning electron microscopy (X75)of a cross section of a comparative'wound 

dressing. 

Figure 2 is an image produced by scanning electron microscopy (X75) of the wound-contact surface of a compar- 
.ative wound dressing. 

Figure 3 is an image produced by scanning electron microscopy (X75) of a cross section of a comparative wound 
10 dressing. 

Figure 4 is an image produced by scanning electron microscopy (X75) of the wound-contact surface of a compar- 
ative wound dressing. 

Figure 5 is an image produced by scanning electron microscopy (X75) of the top surface of a comparative wound 
dressing. 

is Figure 6 is an image produced by scanning electron microscopy (X75) of a cross-section of a wound dressing of 

the present invention. 

Figure 7 is an image produced by scanning electron microscopy (X150) of a cross-section of a wound dressing of 
the present invention. 

Figure 8 is an image produced by scanning electron microscopy (X75) of the wound-contact surface of a wound 
20 . dressing of the. present invention. 

Figure 9 is an image produced by scanning electron microscopy (X75) of the top surface of a wound dressing of 
the present invention. 

DETAILED DESCRIPTION OF THE iNVENTION 

25 

[0010] The present invention is directed to hemostatic fabrics and wound dressings fabricated at least in part from 
such fabrics, each of which provides and maintains effective hemostasis in cases of severe bleeding, where a relatively 
high volume of blood is lost at a relatively high rate. Examples of severe bleeding include, without limitation, arterial 
puncture, liver resection, blunt liver trauma, blunt spleen trauma, aortic aneurysm, bleeding from patients with over- 
30 anticoagulation, or bleeding from patients with coagulopathies, such as hemophilia. The present invention allows a 
patient to ambulate quicker than the current standard of care following, e.g. a diagnostic or interventional endovascular 
procedure. 

[0011] Wound dressings of the present invention comprise a fabric having a wound-contacting surface and a top 
surface opposing the wound-contacting surface. The fabric comprises fibers and possesses physical properties suitable 
35 for use as a hemostat. Such properties include flexibility, strength and porosity. Dispersed at least on the wound con- 
tacting surface, and preferable through the fabric, is a porous polymeric matrix comprising a biocompatible, water- 
soluble or water-swellable polymer, in amounts effective to provide and maintain hemostasis in cases of severe bleed- 
ing. 

[0012] The fabrics utilized in the present invention may be woven or nonwoven, provided that the fabric possesses 
40 the physical properties necessary for.hemostasis. A preferred woven fabric has dense and knitted structure that pro- 
vides form and shape for the hemostat. 

[0013] The fibers comprise a biocompatible polymer. The fibers may be fabricated from any biocompatible polymer 
known for use in medical wound dressings. Such polymers include, without limitation, collagen, calcium alginate, chitin, 
polyester, polypropylene and cellulose. Preferred fibers comprise oxidized regenerated cellulose. 

45 [0014] In preferred embodiments of the present invention, the absorbable hemostatic fabrics comprising the porous 
polymeric matrix dispersed there through are warp knitted tricot fabrics constructed of bright rayon yarn which is sub- 
sequently oxidized by known techniques. The fabrics are characterized by having a single ply thickness of at least 
about 0.5 mm, a density of at least about 0.03 g/cm 2 , air porosity of less than about 150 cm 3 /sec/cm 2 and liquid 
absorption capacity of at least about 3 times the dry weight of the fabric and at least about 0.1 g water per cm 2 of the 

so fabric. 

[0015] The knitted fabrics have good bulk without undue weight, are soft and drapable, conforming well to the con- 
figuration of the surface to which they are applied. The fabric may be cut into suitable sizes without running or fraying 
along the cut edge. Fabric strength after oxidation is more than adequate for use as a surgical hemostat. 
[0016] Preferred hemostatic fabrics used in the present invention comprise oxidized cellulose and are best charac- 
55 terized by their physical properties of thickness, bulk, porosity and liquid absorption capacity as recited above. Suitable 
fabrics having these properties may be constructed by knitting 60 denier, 18-filament bright rayon yarn on a 32-gauge 
machine at a knit quality of 12. A suitable tricot fabric construction is front-bar 1-0, 10-11; back-bar 2-3, 1-0. The 
extended shog movement imparted to the front bar results in a 188 inch runner compared to a 70 inch runner for the 
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sfructfon is fs.eT inCreaS6S ^ ^ The rati ° ° f ,r0nt t0 back bar runners in thi * Particular con- 

TablJ' TypiCal f hySical and hemostatic Properties of preferred fabrics produced as described above are noted 

TABLE 



in 



Property 




Thickness (mm); 




0.645 


Density (g/cm 2 ); 




0.052 


Air Porosity (cm 3 /sec/cm 2 ); 62.8 






Tensile Strength( 1 )(md/cd)Kg; 


• 


1.9/4.5 


Elongation* 2 ) (%); 




23/49 


Absorption(3) 
(g/g fabric); 
(g/cm 2 fabric); 




3.88 
0.20 


Hemostasis< 4 ) (min) 

1 piy; 




5.7 ±1.0 


2 ply; 

7iT7"~ ! T ~ — — 




.5.6 ± 1.8 



" " e.iension mcvco = machine direction/cross direction. 

W Elongation, machine direction/cross direction. 

< 3 > Absorption based on weight of water absorbed by fabric. 

< 4 > Hemostasis evaluation on incised porcine splenic wounds, time to stop bleeding. 

4 7 te l 2VT° X ,ab c riCS " tili2ed in the P resent invention ™V be constructed from bright rayon yarns of from about 

ore till L« Z\ h T may COntain from 10 10 25 individual laments, although each individual filament is 

HZ. *IT , t0 aV °' d 6Xtended abSOrption times - The hi 9 h bulk and fab ™ density are obtained by 
kn tting at 28 gauge or f.ner, preferably at 32 gauge, with a fabric quality of about 10 or 12 (40 to 48 courses per inch) 

thickness^ fSSjJ m ° Vement ° f 81 16881 6 need ' e SPaC6S ' Pre,erab ' y 8 10 12 Spaces ' ,urther increases fabric 

Si in*™ k t nlt ,riC f 0t h fabric const| -^ti°ns which produce equivalent physical properties may, of course, be 
rln Jlt ma " ufacture of the ,m P roved hemostatic fabrics and wound dressings of the present invention, and such 
constructions will be apparent to those skilled in the art. 

EI22, „ The , P ° lyr ™ u * ed 10 P fe P are fabrics and dressings of the present invention is a biocompatible, water- 
SSSiSSSTS? P , I""' 7l Wat r- SOluble or water-sweliable polymer rapidly absorbs blood'or other body 
ITn T h ^ V 961 adh6red t0 tiSSUe When P ' aced in contact therewith The fluid-absorbing polymer 

sTZ n V ^ C ° nCen , trated S,ate ' interaC,s with *"» fluid thr ^9h a hydration process. Once applied in a bleeding 

an adhesive interaction that a.ds the hemostat adhere to the bleeding site. The adhesion creates a sealing layer be- 
tween the hemostat and the bleeding site to stop the blood flow. 

n°l 2 c 1 Lh P0 'r erS U , Se,Ul i n Prepan ' n9 fabriCS 3nd W ° Und dressin9s of the P resent invention i^lude, without limitation 
Snn? POl r ethaCryNC aCldS ' P 0| y amines . Polyimines, polyamides, polyesters, polyethers, polynucleotides 
po.ynuc.eic acids, polypeptides, proteins, poly (alky.ene oxide), polythioesters, polythioethers polyvinyls and mixtures 

n^Lh^'r 6 ' 5 '? P M err ! d embodiments of the P res ent invention comprise a water-soluble or water-swellable 
fate , £ h? " S6leCted fr ° m ,hS 9r ° UP C ° nSiS,in9 ° f methylcellulose, hydroxya.kyl cellulose, cellulose sul- 

fate, water-soluble chitosan, salts of carboxymethyl cellulose, carboxymethyl cellulose (CMC), carboxyethyl cellulose 

vlen dT eth H y ' h r' Ur0niC S8,tS ° f hya,Ur ° niC al9ina,e ' al9inic acid ' P-pylene^o I al^ e 
glycogen, dextran, dextran sulfate, curdlan, pectin, pullulan, xanthan, chondroitin, chondroitin sulfates, carboxymethyl 
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dextran, carboxymethylchitosan.. heparin, heparin sulfate, heparan, heparan sulfate, dermatan sulfate, keratan sulfate, 
carrageenans, chitosan, starch, amylose, amylopectin and polyuronic acids including polymannuronlc acid, polyglu- 
curonic acid and polyguluronic acid. Most preferred is sodium carboxymethyl cellulose. 

[0023] The composite hemostat of the present invention remains very flexible, conforms to a bleeding site, and retains 
5 good tensile and compressive strength to withstand handling during application. The hemostat can be cut into different 
sizes and shapes to fit the surgical r\eeds. It can be rolled up or packed into irregular anatomic areas.The fabric in a 
preferred embodiment is a knitted oxidized regenerated cellulose (ORC), such as Surgicel Nu-Knit® , available from 
Ethicon, Inc., Somerville, New Jersey. 

[0024] As noted above, the wound dressing of the present invention must' comprise a porous polymerip matrix dis- 
*o persed at least partially there through in order to provide and maintain hemostasis in cases of severe bleeding. A 
preferred method of making the porous polymeric matrix is to contact the fabric with the appropriate amount of polymer 
solution, thereby dispersing the dissolved polymer through the fabric, flash-freeze the polymer and fabric, and then 
remove the solvent from the frozen structure under vacuum, i.e. lyophilization. Through this preferred lyophilization 
method, a fabric comprising a matrix of the water-soluble or water-swellable polymer and having microporous or na- 
15 noporous structure is obtained. The lyophilization condition is important to the novel porous structure in order to create 
a large surface area in the hemostat with which'body fluids can interact. 

[0025] The features of such microporous structure can be controlled to suit a desired application by choosing the 
conditions to form the composite hemostat during lyophilization. To maximize th,e surface area of the porous matrix of 
the present invention, a preferred method is to quickly freeze the fabric/polymer construct at lower than 0°C, preferably 

20 at about -50°C, and to remove the solvent under high vacuum. The porous matrix produced thereby provides a large 
fluid absorbing capacity to the hemostatic wound dressing. When the hemostatic wound dressing comes into contact 
with body fluid, a very large surface area of polymer is exposed to the fluid instantly. The hydration force of the hemostat 
and subsequent formation of a tacky gelatinous layer helps to create an adhesive interaction between the hemostat 
and the bleeding site. The microporous structure of the polymeric matrix also allows blood to quickly pass through the 

25 fabric surface before the hydration takes place. The formation of a gelatinous sheet on oxidized cellulose upon blood 
contact will enhance the sealing property of the water-soluble gelatinous layer, which is critical to fast hemostasis for 
moderate to severe bleeding. 

[0026] The fabric comprises polymer in an amount effective to provide and maintain hemostasis in cases of severe 
bleeding. If the ratio of polymer to fabric is too low, the polymer does not provide an effective seal to physically block 

30 the bleeding. If the ratio is too. high, the composite hemostat wound dressing will be too stiff or too brittle to conform 
to wound tissue in surgical applications. Such ah excessive ratio will also prevent the blood from quickly passing through 
the fabric surface to form the gelatinous layer on oxidized cellulose that is critical for enhancing the sealing property. 
A preferred weight ratio of polymer to fabric is from about 1 :99 to about 1 5:85. A more preferred weight ratio of polymer 
to fabric is from about 3:97 to about 1 0:90. 

35 [0027] In certain embodiments of the present invention, the porous polymeric matrix is dispersed substantially ho- 
mogeneously on at least the wound-contacting surface of the fabric and through the fabric. In such cases, the fabric 
may be emersed in the polymer solution to provide homogeneous distribution throughout the fabric prior to lyophiliza- 
tion. In other embodiments, it is preferred that only the wound-contact surface of the hemostat sticks well to wet sur- 
faces, while the physician handling side, or top surface of the fabric, does not. In such cases, the fabric may be partially 

40 emersed in the polymer solution so as to provide polymer at least on the wound-contact surface of the fabric. In this 
way, a gradient of polymer in the fabric is provided, whereby the fabric will comprise an effective amount of the lyophi- 
lized polymer adjacent the wound-contacting area, while the top surface of the fabric comprises little or no dispersed 
polymer and maintains ease of handling for the physician. 

[0028] The present invention is best exerhplified in the figures prepared by scanning electron microscope. The sam- 
45 pies were prepared by cutting 1 cm 2 sections by using a razor. Micrographs of both top surface and wound-contacting 
surfaces and cross-sections were prepared and mounted on carbon stubs using carbon paint. The samples were gold- 
sputtered and examined by scanning electron microscopy (SEM) under high vacuum at 4KV. 

[0029] Figure 1 is a cross-section view (75X) of uncoated ORC fibers 12 organized as fiber bundles 14 and knitted 
into fabric 10 according to preferred embodiments of the invention discussed herein above. One commercial example 
50 of such a fabric is Surgicel Nu-Knit® absorbable hemostatic wound dressing. 

[0030] Figure 2 is a view of the wound-contact surface of the fabric of Figure 1 . Individual fibers 12 are shown within 
a bundle. 

[0031] Figure 3 is a cross-section view of fabric 20 having wound-contact surface 22 and top surface 24 and that 
has been coated with a solution of sodium carboxymethyl cellulose (Na-CMC) and then air dried as in Example 6. 
55 Individual fibers 23 also are shown. 

[0032] Figure 4 is a view of wound-contact surface 22 of fabric 20. As observed therein, in the course of air drying, 
polymer 26 agglomerates and adheres to fibers 23, in many instances adhering fibers 23 one to the other and creating 
large voids 28 in the hemostatic fabric through which body fluids may pass. Polymer 26 dispersed on and through 
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20 



fabric 20 is not in the state of a porous matrix and thus provides no hemostasis in cases of severe bleeding as described 
herein above due, at least in part, to a lack of sufficient porosity, e.g. surface area, to provide polymer/body fluid 
interaction effective to provide and maintain hemostasis in cases of severe bleeding. 

[0033] Figure 5 is a view of top surface 24 of fabric 20. As shown, top surface 24 contains a larger concentration of 
Na-CMC coating material as opposed to the wound-contact surface shown in Figure 4, obscuring most of fibers 23, 
although the knitting pattern could still be discerned. The coating was thick enough to span across all of the fibers and 
generate an intact layer 27 of its own, also shown in Figure 3. This layer appeared to be brittle, as cracks 29 in the 
coating were observed. The coating layer thickness varied from as thin as about 3 microns in some sections to about 
30-65 microns in other sections. 

[0034] In comparing the surface morphologies of wound-contact surface 22 and top surface 24 of fabric 20, it is 
apparent that wound-contact surface 22 contained significantly less Na-CMC. The coating was significantly thinner on 
the fibers than the coating on the top surface. While some Na-CMC was observed to span across some fibers, the 
coating was incomplete or had perforations present. The coating layer thickness, where present, did not exceed about 
2 microns. 

[0035] It is clear from Figures 3-5 that the fabrics prepared by air-drying do not contain a porous, polymeric matrix 
dispersed at least on the wound-contact surface and dispersed at least partially there through. As such, those fabrics 
do not provide and maintain hemostasis in cases of severe bleeding, as shown herein. In addition, such fabrics are 
brittle, stiff, do not conform to wound sites, are not handlable by physicians and generally are not suitable for use as 
wound dressings in cases of severe bleeding. 

[0036] Hemostatic fabrics according to the present invention are set forth in Figure 6-9. As shown in Figures 6 and 
7, a porous polymer matrix is more uniformly distributed on wound-contact surface 32 and throughout fabric 30. Polymer 
36 forms a porous matrix integrated with the knitted fibers 33. The porous polymer matrix exhibits significant liquid 
absorption properties from capillary action in the same manner as a sponge. 

[0037] As shown in Figures 8 and 9, the matrix disposed on the relative surfaces contains countless pores, ranging 
25 from about two microns to as large as about 35 microns in diameter or greater. Figure 8 shows wound-contact surface 
32 of fabric 30. As noted, polymer 36 is present in the form of a porous matrix about fibers 33, thereby providing ample 
polymer surface area with which body fluids can interact upon contact therewith. Top surface 34 shown in Figure 9 
also contains polymer 36 in the form of a porous matrix about fibers 33. 

[0038] It is clear from Figures 6-9 that fabrics and wound dressings of the present invention contain a porous poly- 
30 meric matrix dispersed on the wound-contact surface and substantially homogeneously through the fabric. Due to the 
porous nature of the matrix, body fluids are permitted to pass into the matrix, where ample surface area of polymer is 
present to interact with the body fluids. This results in faster and a higher degree of hemostasis, particularly where 
bleeding is occurring at a high volume/rate. 

[0039] It also is clear from Figures 3-5 that comparative fabrics and wound dressings do not contain a porous poly- 
35 meric matrix, either on a surface of the dressing or dispersed throughout the fabric. As a result, the amount of polymer 
present to interact with body fluids is significantly reduced, in addition, due to the formation of agglomerated polymer 
layers during air drying, body fluids are not permitted to pass freely into the wound dressing where they can interact 
with and bind to the dressing. Both of these characteristics results in less hemostasis, such that wound dressings of 
this construct do not provide and maintain hemostasis in cases of severe bleeding. Additionally, such fabrics were 
40 found to be brittle and stiff, such that placement within and conformance to a wound site by a physician is not acceptable. 
[0040] In certain embodiments of the invention, a drug or a combination of pharmaceutical agents can be incorporated 
into the hemostat. To fabricate such a hemostat, a drug or agent is first dissolved with a polymer in a solvent. The 
fabric is then coated with the polymer/drug solution, and the solvent is removed through lyophilization. Preferred drugs 
and agent include analgesics, anti-infective agents, antibiotics, adhesion preventive agents, procoagulants and wound 
45 healing growth factors. 

[0041] While the following examples demonstrate certain embodiments of the invention, they are not to be interpreted 
as limiting the scope of the invention, but rather as contributing to a complete description of the invention. 
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Example 1 : 

ORC/HEC porous patch preparation: 



[0042] One gram of hydroxyethyl cellulose (HEC, from Aldrich) was dissolved in 99 grams of deionized water. After 
complete dissolution of the polymer, 10 grams of the HEC solution was transferred into a crystallization dish with a 
diameter of 1 0 cm. A piece of Surgicel Nu-Knit® absorbable hemostat, based on oxidized regenerated cellulose (ORC) , 
having a diameter of 9.8 cm (about 1 .3 gram) was placed on the HEC solution in the crystallization dish. After soaking 
the fabric in the solution for 3 minutes, the wet fabric in the dish was then lyophilized overnight. A very flexible patch 
was formed. The patch was further dried at room temperature under vacuum. 
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Example 2: 

ORC/CS porous patch preparation 

5 [0043] One gram of cellulose sulfate (CS, from ACROS Organics) was dissolved in 99 grams of deionized 1 water. 
After complete dissolution of the polymer 10 grams of the CS solution was transferred into a crystallization dish with 
a diameter of 10 cm. A piece of Surgicel Nu-Knit® fabric with a diameter of 9.8 cm (about 1 .3 gram) was placed on 
• the CS solution in the crystallization dish. After soaking the fabric for 3 minutes, the wet fabric was then lyophilized 
overnight. A very flexible patch was formed. The patch was further dried at room temperature under vacuum. 

10 

Example 3: 

ORC/MC porous patch preparation 

15 [0044] One gram of methyl cellulose (MC : from Aldrich) was dissolved in 99 grams of deionized water. After complete 
dissolution of the polymer, 1 0 grams of the MC solution was transferred into a crystallization dish with a diameter of . 
10 cm. A piece of Surgicel Nu-Knit® fabric with a diameter of 9.8 cm (about 1 .3 gram) was placed on the MC solution 
in the crystallization dish. After soaking the fabric for 3 minutes, the wet fabric in the dish was then lyophilized overnight. 
A very flexible patch was formed. The patch was further dried at room temperature under vacuum. 

20 

Example 4: 

ORCA/Vater-Soluble chitosan (WS-CH) porous patch preparation 

25 [0045] One gram of WS-CH was dissolved in 99 grams of deionized water. After complete dissolution of the polymer, 
1 0 grams of the WS-CH solution was transferred into a crystallization dish with a diameter of 1 0 cm. A piece of Surgicel 
Nu-Knit® fabric with a diameter of 9.8 cm (about 1 .3 gram) was placed on WS-CH solution in the crystallization dish. 
After soaking the fabric for 3 minutes, the wet fabric in the dish was then lyophilized overnight. A very flexible patch 
was formed. The patch was further dried at room temperature under vacuum. 

30 

Example 5: 

ORC/Na-CMC porous patch preparation 

35 [0046] One gram of sodium salt of CMC (Na-CMC, from Aqualon) was dissolved in 99 grams of deionized water. 
After complete dissolution of the polymer, 1 0 grams of the Na-CMC solution was transferred into a crystallization dish 
with a diameter of 1 0 cm. A piece of Surgicel Nu-Knit® fabric with a diameter of 9.8 cm (about 1 .3 gram) was placed 
on the CMC solution in the crystallization dish. After soaking the fabric for 3 minutes, the wet fabric in the dish was 
then lyophilized overnight. A very flexible patch was formed; The patch was further dried at room temperature under 

40 vacuum. 

Comparative Example 6: 
ORC/Na-CMC film preparation 

45 

[0047] One gram of sodium salt of CMC (Na-CMC, from Aqualon) was dissolved in 99 grams of deionized water. 
After complete dissolution of the polymer, 10 grams of the Na-CMC solution was transferred into a crystallization dish 
with a diameter of 1 0 cm. A piece of Surgicel Nu-Knit® fabric with a diameter of 9.8 cm (about 1 .3 gram) was placed 
on the Na-CMC solution in the crystallization dish. The wet fabric in the dish was then air-dried overnight. A rigid and 
50 brittle patch was formed. The ORC/Na-CMC film was further dried at room temperature under vacuum. The film was 
not effective as a hemostat because it was too stiff and did not conform to the bleeding site well. 

Example 7: 

55 Na-CMC porous patch preparation 

[0048] One gram of sodium salt of CMC (Na-CMC, medium viscosity grade from Sigma) was dissolved in 99 grams 
of deionized water. After complete dissolution of the polymer, 60 grams of the Na-CMC solution was transferred into 
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Example 8: « 

Hemostatic performance of different materials in porcine splenic incision model 

on a porcine spleen iCJStJ 2 Z EC. h T, ' ° 3 Cm W * S made With a ^gical Wade 

The hemostasis f^ZS^^TJT'r d ' 9 ^' tamponade WQS a PP^ to the incision for i minutes, 
until complete ^^^IZl^l^?^ 0 ^ 0f ,am P° nade ^30 seconds each time were used 
be failures. Table 1 ..sts the resut of the hem ° S,aSiS Within 12 minutes were considered to 





Hemostatic performance of different 


materials 








Percent o{ test samples to achieve hemostasis within thP timn r » ri ^ 


Material 


0-2 (min) 


2-3 (min) 


3-4 (min)' 


4-5 (min) 


5-6 (min) 


<12 (min) 


Surgice! Nu-Knlt® fabric 


0% 


0% 


1 00% 








Example 1 patch 


100% 












Example 2 patch 


100% 












Example 3 patch ... 


100% 












Example 4 patch 


.100% 












Example 5 patch 


100% 


L 










Example 6 film 






50% 




50% 




Example 7 sponge 












0 


Surgical gauze 












0 



Example 9: 

HnnnosMic perfonn.nc. ». Ex.mpl. 6 (ORC^CMC) in « porcine npi.nic MM „.„,» p „ n01ure M 



r ' Table 2 


Comp 


anson of initial time to Hemostasis and Ability of Maintaining 


Material 


# of Digital Pressure 


Initial Time to Hemostasis 


Maintenance of Hemostasis 


Surgicel Nu-Knit® 


1 


<2 min 


Re-bleeding occurred after 4 min 


Example 5 Patch 


1 


<2 min 


No Re-bleeding occurred 
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Example 10: 

Hemostatic performance of different materials in a porcine splenic incision model with tamponade for 30 seconds 

5 [0052] A porcine spleen incision model was used for hemostasis evaluation of different materials. The materials were 
cut into 2.5 cm X 1 .5 cm rectangles, A linear incision of 1 .5 cm with a depth of 0.3 cm was made with a surgical blade 
on porcine spleen. After application of the test article, digital tamponade was applied to the incision for 30 seconds. 
' The. hemostasis evaluation was then performed. Additional applications of digital tamponade for 30 seconds each time 
were used until complete hemostasis was achieved. Table 3 lists the results of the evaluation. 

10 . 

Table 3 



Hemostatic performance of different materials in a splenic Incision model 


Material 


# of Digital Pressure 


Time to Hemostasis 


Surgicel Nu-Knit® 


5 


2 min 55 sec 


Example 5 Patch 


1 


<30 sec 



Example 11: 

20 

Hemostatic performance of different materials in a porcine splenic cross-hatch model 

[0053] A porcine spleen cross-hatch model was used for hemostasis evaluation of different materials. The materials 
were cut into 3 cm X 3 cm squares. A surgical defect (2 cm X 2 cm, 0.2 cm deep) was made with a surgical blade on 
25 the porcine spleen. Additional bleeding was induced by making three additional equally spaced, side-to-side horizontal 
incisions and three additional equally spaced, side-to-side vertical incisions within the defect. After application of the 
test article, digital tamponade was applied to the incision for 2 minutes. The hemostasis evaluation was then performed. 
Additional applications of digital pressure for 30 second each time were used until complete hemostasis was achieved. 
Table. 4 lists the results of the evaluation. 

30 

Table 4 



Hemostatic performance of different materials in a splenic cross-hatch model 


Material 


# of Digital Pressure 


Time to Hemostasis 


Surgicel Nu-Knit® 


4 


3 min 55 sec 


Example 5 Patch 


1 


<2 min 



Claims 

1. A hemostatic wound dressing, comprising: 

a fabric, said fabric comprising a wound-contacting surface and a top surface opposing said wound-contacting 
surface, said fabric comprising fibers and having flexibility, strength and porosity effective for use as a hemo- 
45 ' stat, said fibers comprising a biocompatible polymer; and 

a porous, polymeric matrix applied to said wound-contacting surface and dispersed at least partially through 
said fabric, said porous polymeric matrix comprising a biocompatible, water-soluble or water-swellable poly- 
mer. 

50 2. The wound dressing of claim 1 wherein said fabric is woven or nonwoven. 

3. The wound dressing of claim 1 wherein said fabric is knitted. 

The wound dressing of claim 3 wherein said fibers comprise oxidized regenerated cellulose. 

The wound dressing of claim 4 wherein said water-soluble or water-swellable polymer is selected from the group 
consisting of polysaccharides, polymethacrylic acid, polyamines, polyimines, polyamides, polyesters, polyethers, 
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»W poiy,^, 

» The w»« dressing 0( dalm4 „ herei „ SM wa , eMolub|e ^ ^ m ^ s a 

%lc«lliilose,cait»xyell,vlce«ulo.. rt,»„ f ,'.T ^ soluble cnttosan, salts o( catbojeymethylcellulose, carboxyme- 

*0Wn, ehdndrditir, sulfates. JLJSSSS^T^T^Tf' CUrdlan ' <»*'»". ««™>». chon. 
heperan sulfate, derraaten suBa , e Kan swite " : . * >Ea "' hepa * sunale ' he P«»"- 

mannuranio acid, pdlyglucuronic J^SXS^ST* ' S ' arCh ' am '' 0S '' "^""" W 

^7~" 9 * C ' aim 3 ~T* — « » Parades* 

rarapgn eald .abncin anSSa' JSE^XZS a"* P °''™" ,C *"~<' « *-'-»*»» 

eellutoae, aalluleee su , a , a , J£££2£l X,* 9,OUpco " sls »9 »' ran%1aelldl.se, hydrexy.lkyl 
taynthy, selUpse, chain, c^wZtZ mT'^^^TT^^'"^ ca *°>"™'"V l "imioaa Z 
prepylepeglye., alginate, plycogen daZn dl«,,„t, 1 ° hy **"° nlc <* ina18 . »'9»* acid, 
draitin su „a, e s, cra.xyraanyl t^^SSS^T' " a"' <*""""<*"•< ^ 

fate, derraatan sulfate, kerafan sulfate SZS, ah tesan steT' IT" hePa,a " ■ h0M ™ st- 

adia, PdlyslUduranlc acid and pulypuluranic acid *° M ' """"P"" 1 . Pelymannurdnic 

HH£i : S? SSST * —I d,ra»x ym e,n v , aelhrlase ,„ 8aia )allr1c s 

Jura S,1:tt ZZtT "* '* °' ^ ' Whili2M ~» ceiluldsn f. said is 

16. A process fur ranking a wuund dressing: cdmprfsing 

p., Vm r din9 ' ^ aUbS,a "" a "' """^ — «*■* Prwater-ewalladle ^ 

patiblepelyraer, * P ° ,0S " V enec " ve ,0 ' use « » "craostaf, seid fibara curaprising a biocom 

to<! c»n„d,i„ 9 said s ., utton m saw labrla „„ aer eondi|jons ellMive io diswbui9 ^ ^ ^ 
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lyophilizing said fabric having said solution distributed there through, thereby providing a porous polymeric 
matrix comprising said water-soluble or water-swellable polymer dispersed through said fabric. 

19. The process of claim 18 wherein said fabric is knitted. 

20. The process of claim 19 wherein said fibers comprise oxidized regenerated cellulose. 

21. The process of claim 20 wherein said porous polymeric matrix comprises a polymer selected from the group con- 
sisting of polysacbharides, polymethacrylic acids, polyamines, polyimines, polyamides, polyesters, polyethers, 
polynucleotides, polynucleic acids, polypeptides, ^pipteinsV poly (alkylene oxides), polythioesters, polythioethers 
and polyvinyls. 

22. The process of claim 20 wherein said porous polymeric matrix comprises a polysaccharide selected from the group 
consisting of methycellulose, hydroxyalkyl cellulose, cellulose sulfate, water-soluble chitosan, salts of carboxyme- 
thyl cellulose, carboxymethyl cellulose, carboxyethyl cellulose, chitin, carboxymethyl chitin, hyaluronic acid, salts 
of hyaluronic acid, alginate, alginic acid, propylene glycol alginate, glycogen, dextran, dextran sulfate, curdlan, 
pectin, pullulan, xanthan, chondroitin, chpndroitin sulfates, carboxymethyl dextran, carboxymethyl chitosan, 
heparin, heparin sulfate, heparan , heparan sulfate, dermatan sulfate, \eratan sulfate, carrageenans, chitosan, 
starch, amylose, amylopectin, polymannuronic acid, polyglucuronic acid and polyguluronic acid. 

23. The process of claim 22 wherein said porous polymeric matrix comprises sodium carboxymethyl cellulose. 

24. The process of claim 23 wherein the weight ratio of said sodium carboxymethyl cellulose to said fabric is from 
about 1 :99 to about 20:80. ' 

25. The process of claim 23 wherein the weight ratio of said sodium carboxymethyl cellulose to said fabric is from 
about 3:97 to about 1 0:90. 
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